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Records held by these societies have been used to 
assist dairy farmers with decision making in the context 
of selecting factors such as which animals to retain as 
replacement stock within a herd, as well as which animals 
to consider buying at auction from other breeders as 
means of trying to enhance their own herd. Therefore it 
is important to maintain accurate records of a number of 
the traits which are considered desirable.  Such records 
have routinely included: total milk production; the time 
taken to produce this quantity of milk; and fat content of 
the milk.  In addition, depending on the year(s) during 
which records were made, some records contain details 
of milk protein quantities, somatic cell counts within the 
milk, or classification score based on the conformation of 
the animal.
These data also allow scientists to study records to 
look at the relationship between different factors and 
variables. These records can involve comparisons at 
different stages within a single lactation for individual 
animals (e.g. Pontecorvo 1940), between lactations for 
individual animals (e.g. Archer et al. 2014), between 
related animals within the breed or herd (e.g. Tabler et 
al. 1950), or comparisons between animals from different 
breeds (e.g. White et al. 2001). Generally reports using 
individual lactation records have been restricted to a 
relatively short time scale (e.g. no more than 2 or 3 years).
Application of the information from these data also 
allows an insight into potential correlation between 
different variables. For example, early work on one of 
the dairy breeds, the Ayrshire, suggested that there may 
be a large negative correlation between classification 
rating (based on conformation of the animal) and milk 
fat production (Freeman and Dunbar 1955), although 
this was not found in subsequent work by members of 
the same group (Butcher et al. 1963) when they reported 
that milk fat had a reasonable heritability value.  These 
data continue to prove useful as more recently, combining 
information from milk records with molecular genetic 
approaches has allowed some degree of localisation of 
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Abstract: Using historic lactation records for Ayrshire 
cattle, we report a gradual increase in the production of 
milk, butter fat and protein levels across four decades. This 
was generally at the extent of attaining a level of increase 
per decade which was similar to the increase seen between 
animals during their first and second lactations in the 
previous decade. However these increases were achieved 
without significantly affecting the percentage of butter fat 
or protein throughout the time examined, and also without 
changing the heifer: second lactation ratios.
Keywords: Ayrshire cattle; milk yields; butter composition; 
protein composition; temporal variation
1  Background
Although internationally, much of modern milk 
production is dominated by the Holstein breed of cattle, 
there are still several other breeds around the world 
which are maintained as dairy cows. In many cases these 
breeds bear the name of their area of origin (e.g. Jersey, 
Guernsey, Ayrshire, Friesian). The relative abundance of 
these other breeds has declined over the last 60-70 years 
as the Holstein has become the predominant dairy breed 
(Capper et al. 2009), although each of these breeds still 
has an organisation (breed society) which was founded to 
promote the breed, as well as to maintain pedigree and 
production records associated with animals within the 
breed.
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genes involved in traits such as fat and protein content to 
specific chromosomal loci (e.g. Velmala et al. 1999).
To our knowledge there has not been an investigation 
which has carried out a study of comparative data of milk 
yields, butter fat quantities and percentages and protein 
quantities and percentages, from different time points 
over an extensive time period. The current work makes 
use of data from the Ayrshire Cattle Society, to investigate 
the relationship between milk measurements across four 
decades.
2  Materials and Methods
All data were obtained from records held by the Ayrshire 
Cattle Society which were available from (http://www.
ayrshirescs.org/animal_search). One hundred heifers 
calving for the first time in each of four decades (1960s, 
1970s, 1980s and 1990s) were selected.  Records used were 
restricted to animals where all of the first three lactations 
lasted 305 (+ 10) days and where the difference between 
duration of lactations was no more than 10 days for any 
single animal.  In addition all records had to start in the 
same decade and any animal known to be descended from 
red Holsteins (i.e. not pure Ayrshires) were excluded. Due 
to the number of red Holstein sires used after the 1990s the 
number of pure Ayrshires diminished and for this reason 
more recent records were not included.  The catalogues of 
animals presented for sale at the Annual Show and Sale 
of pedigree animals at the County Auction Mart, Ayr in 
November 1963, November 1969, March 1975, March 1977, 
November 1984, November 1986 and November 1998 were 
used to identify the farms most frequently selling livestock 
and these farms were used as the key prefix names for 
animal searches, starting with the most abundant name 
in these catalogues.  In each case, a maximum of four 
animals per decade were included for each farm, and only 
one animal per matriarchal lineage (based on animals 
from a matriarchal line sharing the same name) per farm 
was used.
For all animals the following data were recorded: 
name; year of first calving; duration of first, second 
and third lactation in days; milk yield for each of these 
lactations; fat content for each lactation; protein content 
(1980s and 1990s only – data were not routinely available 
for 1960s and only part of the 1970s as part of the milk 
recording process) for each lactation.  From these 
values percentage fat and percentage protein were both 
calculated.
Data were checked by kurtosis and skewness to 
determine if values were normally distributed.  Where 
values lay at more than twice the standard error, these 
were assumed to be non-normally distributed.  In all cases 
the data were found to be non-normally distributed, and 
so were analysed using Spearman’s rank correlation test 
(Spearman 1904), which is suitable for non-parametric 
data.  Data were ranked within each dataset and then 
comparisons between samples across pairs of datasets 
were carried out by calculating the correlation coefficient 
(rs) using equation 1. This was then converted (equation 2) 
into a form which could be compared against t-test values 
(Kendall and Stuart 1973)
1
𝑟𝑟𝑠𝑠 = 1 −
6∑𝑑𝑑2
(𝑛𝑛3−𝑛𝑛)
𝑡𝑡 = 𝑟𝑟𝑠𝑠√
𝑛𝑛−2
1−𝑟𝑟𝑠𝑠
2
Equation 1
Where d is the difference in respective ranking values 
between equivalent samples from the two populations 
and n is the number of samples in each population.
1
𝑟𝑟𝑠𝑠 = 1 −
6∑𝑑𝑑2
(𝑛𝑛3−𝑛𝑛)
𝑡𝑡 = 𝑟𝑟𝑠𝑠√
𝑛𝑛−2
1−𝑟𝑟𝑠𝑠
2 Equation 2
Generic comparisons between values from different 
decades were performed using Kruskal Wallis analysis and 
individual pair-wise comparisons between generations 
were performed using a Nemenyi’s test.
Ethical approval: The conducted research is not related 
to either human or animals use.
3  Results
The results of the analyses are shown in Table 1. In all four 
decades studied, the mean yield of a heifer during her first 
lactation was approximately the 90% of the yield achieved 
during the second lactation, which in turn was around 
95% of the milk yield achieved as a third lactation cow. In 
addition, there is a general trend of milk levels in animals 
to increase over time. There is a general pattern whereby 
animals take one less lactation to reach a certain level 
of production relative to those from a decade previously 
(e.g. first lactation levels in the 1970s are similar to those 
seen in second lactations in cows in the 1960s). The heifer 
: cow ratio (based on the cow’s second lactation) was 
consistently around 0.9.
There is a similar pattern seen with the quantity of 
milk fat produced, whereby there is an increase in the 
total fat production relative to lactation, and there is also a 
general increase in the fat production by any given animal 
relative to an equivalent animal in the previous decade. 
Again this approximates to animals taking one lactation 
less to produce an equivalent quantity relative to animals 
from the previous decade.
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Although the absolute quantity of butter fat 
production increased with lactation and also with decade, 
the percentage of fat in the milk did not increase. Instead 
there appears to be a general trend for the percentage of 
fat to decrease marginally. This is generally true both for 
lactations from an animal and between decades.
In the case of protein production, only data from the 
1980s and 1990s were available, with records not routinely 
being kept for the 1960s with regular commercial recording 
of protein data only being introduced part way through the 
1970s. Since there are only data for two decades present, 
this makes comparisons more difficult. However there is 
again an apparent increase in quantity between decades, 
with the total quantity of protein produced per animal 
increasing between the 1980s and 1990s. The percentage 
of protein during the first lactation did not significantly 
vary between these two decades, was higher in the second 
lactation values from the 1980s relative to the 1990s, but 
lower in the third lactations from the 1980s relative to 
the values from the 1990s. It is also worth noting that in 
both decades the highest percentage of protein content is 
actually during lactation two, rather than lactation three, 
although this difference was not significant within values 
from a single decade.
4  Discussion
The data presented here are based on cattle records 
from pure-bred animals across four different decades. 
Extending this dataset was not realistic. Records prior to 
the 1960s were often not maintained, or where they were, 
lactation lengths were often much longer than 305 days, 
meaning comparisons with the current data would not 
be possible. More recently (post 2000) many breeders 
of Ayrshire cattle have used red and white Holstein sires 
in an effort to increase the size of the animals and the 
amount of milk they produce, while still maintaining the 
characteristic red/brown and white colour of animals in 
the breed, meaning that comparisons between animals 
from the closed gene pool of earlier years was not possible.
The observation that the yields observed for the more 
recent decades were higher than those for the earlier 
decades is not particularly surprising, as typical annual 
milk yields per animal have increased from around 2000kg 
to 9000kg between the 1940s and the 2000s (Capper et 
al. 2009).  This is likely to be due to a number of factors, 
some due to genetic selection, others due to husbandry 
and/or nutrition, although the impact of this cannot be 
determined from the information archived in the database 
Table 1: Values shown are for the means for the first three lactations for each of the four decades examined and include total milk produc-
tion (kg) as well as percentage protein (only available for 1980s and 1990s) and percentage fat as well the mean proportion of milk produc-
tion by each heifer during her first lactation relative to her second lactation.  Values shown in parenthesis are standard error of the mean 
(SEM) values.  Samples within any row which are not significantly different (i.e. P>0.05) share the same superscript. N/A denotes values 
were not available
1960s 1970s 1980s 1990s
Lac 1 Lac 2 Lac 3 Lac 1 Lac 2 Lac 3 Lac 1 Lac 2 Lac 3 Lac 1 Lac 2 Lac 3
Mean milk produced (kg) 4785 a 5243 bc 5510 de 5034 b 5523 df 5889 gh 5385 cef 5984 gi 6258 i 5962 hi 6617 j 7036 k
(71.4) (90.1) (96.8) (91.4) (101.4) (107.0) (99.3) (123.3) (119.8) (98.0) (127.6) (135.9)
Heifer : 2nd lactation ratio 0.91 0.91 0.90 0.90
Mean fat produced (kg) 194 a 211 bc 224 d 205 b 225 de 236 f 215 ce 235 df 246 f 240 f 262 g 276 h
(3.2) (4.0) (4.3) (3.9) (4.6) (4.4) (4.1) (5.1) (5.3) (3.7) (4.8) (5.2)
Mean fat percentage 4.06 a 4.02 ab 4.07 a 4.08 a 4.08 a 4.02 ab 4.00 ab 3.94 bcd 3.94 bc 4.05 ad 3.99 acd 3.95 bcd
(0.03) (0.03) (0.04) (0.03) (0.04) (0.03) (0.04) (0.04) (0.05) (0.04) (0.04) (0.04)
Mean protein produced (kg) N / A N / A N / A N / A N / A N / A 182 a 211 b 208 b 202 b 225 c 237 d
- - - - - - (3.3) (11.0) (4.0) (3.3) (4.1) (4.3)
Mean protein percentage N / A N / A N / A N / A N / A N / A 3.39 ab 3.67 ac 3.33 c 3.40 ab 3.42 b 3.38 ab
- - - - - - (0.023) (0.328) (0.022) (0.024) (0.028) (0.021)
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used. However it is interesting to note that the values for 
the heifer : second lactation ratio was either 0.91 or 0.90 
in all decades in this study. This is more similar to the 
value Capper et al. (2009) reported for animals from 1944 
(0.89) than the value of 0.83 which they observed for 2007. 
However, the 2007 figures were dominated by Holstein 
data, as opposed to the values from 1944 being dominated 
by smaller breeds, which include Ayrshires, which formed 
the focus of the current work.
Our observations of milk protein content in the 1980s 
and 1990s was routinely around 3.3% to 3.4%, with the 
exception of lactation 2 in the 1980s, which was higher, 
although not always statistically so relative to other values. 
This is more similar to the 1944 values of 3.50% reported 
for smaller breeds (including Ayrshires) and 3.20% for 
larger breeds than it is for the 2007 value of 3.05% (Capper 
et al. 2009). Although the quantity of protein in the milk 
did increase from the 1980s to the 1990s, this was due to 
an increase in the total volume of milk, rather than the 
percentage of protein per se.
Correlations between milk yield and butter fat 
percentage is a topic which has been considered previously 
in the Ayrshire breed (Bonnier 1927). Our fat percentage 
figures of around 4% lie between the 4.20% reported by 
Capper et al. (2009) for small breeds in 1944 and the first 
three lactations (3.85%, 3.90% and 3.78%) reported for 
1908 and 1909 by an earlier investigation (Pearl and Miner, 
1919). However they are higher than values reported by 
Capper et al. (2009) for larger breeds in 1944 (3.60%) and 
primarily Holsteins in 2007 (3.69%). This consistency of 
value is particularly interesting as the 4.20% in the earlier 
work included Jersey cattle in the smaller category, a breed 
which carries a reputation for high butter fat content, 
with historic reports of over 5% (Roberts 1918; Copeland 
1927) which can be increased by milking three times daily 
(Copeland 1934) and current approximations of 5.46% 
are listed on the breed society’s homepage (http://www.
ukjerseys.com/). This consistency of butter fat percentage 
across the four decades is particularly interesting as this 
period including a time when many breeders of Ayrshire 
cattle would include a few Jersey cattle in the herd. This 
practice was adopted due to the high butter fat content in 
the milk of Jersey cattle and was an attempt to increase 
the average butter fat composition across the herd. From 
these data it is unclear if there was an unsuccessful effort 
made to increase the average butter fat percentage in the 
Ayrshires, or if no such effort was made, instead relying 
on the Jersey cattle within the herd.  In either event, no 
significant change to the butter fat composition was 
detected across the decades studied.
  It is also known that there can be a seasonal effect 
in terms of milk production, with autumn and winter 
calving cattle having higher yields, which are offset by 
lower protein and fat content (Feltes et al. 2016), which 
corroborates previous observations (Quist et al. 2008). 
The work of Feltes et al. also described an effect due to 
the age of the cow at calving in terms of both milk yield 
(46 to 93 months being highest) and fat (94 to 118 months 
being highest). In the case of the milk yield this goes 
beyond the upper study age presented here but does 
confirm the observation that volume increases after the 
first lactation. The values for highest fat are all beyond 
the ages presented here, and cannot be compared. In 
addition, other factors also merit consideration with the 
sex of the calf born having an impact on milk yield (heifer 
calves being advantageous for first calving heifers, and 
bull calves being advantageous in second lactations). 
Moreover there is an effect on fat production in the first 
lactation (bull calves resulting in a higher saturated fat 
content) but no gender bias in the second lactation.
In conclusion we report from data, where available, 
across four decades investigated there was a general 
increase in the quantity of milk produced, the quantity 
of butter fat produced, and the quantity of protein 
produced. These are the only four decades which can be 
analysed in this way as prior to the 1960s many records 
were not restricted to 305 lactations, and more recently 
the introduction of Holstein bloodlines into the Ayrshire 
breed mean that similar comparisons with pure Ayrshires 
is not possible beyond the 1990s. However in terms of 
percentage of butter fat and protein, there was not as 
much temporal change as was the case for the heifer: 
second lactation ratio for total milk production.
Conflict of interest: Authors state no conflict of interest.
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